Introduction {#sec1}
============

There have been many spider community studies in the neotropics ([@bibr07]; [@bibr21]; [@bibr35]; [@bibr52]; [@bibr57]; [@bibr47]; [@bibr51]). As a typical megadiverse group, spiders have gained wide acceptance in ecological studies as indicators of environmental quality ([@bibr09]; [@bibr44]; [@bibr08]). In Argentina, research on ecological aspects of communities of spiders associated with natural ([@bibr11]; [@bibr02]; [@bibr31]; [@bibr56]; [@bibr25]) and altered areas ([@bibr05]; Ávalos et al. 2007; [@bibr01]) has been conducted, but knowledge gaps still exist for most of the natural areas. Moreover, there is no data on ecological aspects of the spider community in the Ventania system. Mygalomorph spiders are distributed worldwide and are well represented in the Neotropical region, although their ecology and natural history have mainly been studied in the Neartic ([@bibr04]; [@bibr47]; [@bibr14]) and Australian regions ([@bibr46]; [@bibr37]; [@bibr38]). Studies regarding ecological aspects of mygalomorphs in the Neotropical region were done by Pérez-Miles et al. ([@bibr49]) and Ferretti et al. ([@bibr25]). Many species of Mygalomorphae have long life cycles, living for 15--30 years and requiring 5-- 6 years to reach reproductive maturity ([@bibr45]). Moreover, they are habitat specialists and females are sedentary ([@bibr46]; [@bibr15]), promoting geographic fragmentation over space and time and small geographic distributions ([@bibr06]).

The "Ernesto Tornquist" Strict Nature Reserve is located in the Ventania system and was created in 1937 to preserve this unique upland ecosystem, which contains native fauna and flora including many endemic species. From an ecological point of view, the Natural Reserve in this hilly system is one of the last relicts of more or less well---conserved areas in the Pampas ecoregion where several endemic taxa and habitat types can be found ([@bibr17]). The Ventania system is at the limit of the two phytogeographic provinces of Pampa and Espinal, and is home to more than 400 native plant species ([@bibr41]), many of which are endemic and face extinction risks (i.e., *Polygala ventanensis* and *Senecio Leucopeplus*) ([@bibr67]; [@bibr19]). Because it is a protected area, it is imperative to know the biological diversity being preserved. Although there have been many studies on faunal diversity and conservation in the Ventania system, most were conducted on vertebrates ([@bibr17], [@bibr18]; [@bibr22]; [@bibr23]; [@bibr16]) and insects ([@bibr40]).

The Ventania system is a hilly environment located in southwestern Buenos Aires, Argentina. It includes a 180 km long × 50 km wide mountain belt running northwest to southwest, and is composed of basement and sedimentary cover that can be divided into three groups: the Curamalal, Ventana, and Pillahuincó ([Figure 1](#f01_01){ref-type="fig"}). Deformational episodes occurred during the Upper Devonian and Permian (Sellés-Martínez 2001; [@bibr30]). Although the specifics of the development of this mountain range remain in controversy, the similarities between the surfaces and weathering products of the Buenos Aires ranges and the corresponding features of Cape Province in South Africa suggest a common Gondwanic origin for both landscapes ([@bibr39]; [@bibr24]). The mountains that form the Ventania range culminate at varying altitudes and correspond to differentially uplifted blocks. Undulating between 800 and 900 m a.s.l. in midrange, it rises by 150 m in the southern part of the Sierra de la Ventana, where it is dominated by a few summits of up to 1240 m a.s.l., and descends to approximately 700 m in the north ([@bibr20]). The purpose of this paper is to assess the diversity, abundance, spatial distribution, and phenology of a mygalomorph spider community at the "Ernersto Tornquist" Strict Nature Reserve.

Materials and Methods {#sec2}
=====================

Study area {#sec2a}
----------

The study area is located in the Ventania system in southwestern Buenos Aires, Argentina, at an elevation of 650 m above sea level. The "Ernesto Tornquist" Strict Nature Reserve (38° 00\'-38° 07\' S and 61°52\'-62° 03\' W) is located inside this hilly system ([Figure 1](#f01_01){ref-type="fig"}), and has an area of approximately 6700 ha. The topography ranges from steep slopes at high elevations of the mountain system to gentler slopes at lower levels (piedmont). The climate is humid and temperate with an average annual rainfall of 850 mm that decreases from NE to SW during fall and spring. Rainfall increases with altitude, from 745 mm at the lowest altitude to 828 mm at peaks (Pérez and Frangi 2000). The mean annual temperature is 14.5 °C and similarly decreases from northeast to south. An altitudinal gradient of temperature is evident inside this hilly system, showing a decrease of 6.9 °C per 1000 m ([@bibr42]). The natural vegetation consists of more than 400 native species with high endemism. On grassland slopes, species such *Briza subaristata*, *Stipa ambigua*, *S. caudata*, and *S. neesiana* are common. *Paspalum quadrifarium* covers the humid slopes, and endemic gramineous species such as *Festuca ventanicola*, *F. pampeana*, and *Stipa pampeana* are present above 500 m a.s.l. ([@bibr27]). The average monthly temperature and rainfall changes during the study period ([Figures 2](#f02_01){ref-type="fig"} and [3](#f03_01){ref-type="fig"}) were obtained from a station located at the base of the hill "Cerro Bahía Blanca" at 2 km from the study site. Temperature and precipitation measurements were recorded daily and compiled into monthly totals.

Spider sampling and identification {#sec2b}
----------------------------------

Samples were taken monthly from October 2009 to October 2010. Two techniques were used: hand capture and pitfall trapping. Traps were arranged in a line of 10 placed each 10 m along a transect of 100 m parallel to the longest axis of a grassland slope with native vegetation ([Figure 4](#f04_01){ref-type="fig"}). Pitfall traps consisted of cylindrical plastic containers 23 cm in diameter and 15 cm in height buried and covered with a plastic roof supported by three metallic rods 15 cm above the soil. They were filled with 1500 mL of ethylene glycol, which prevented evaporation and acted as a preservative. All traps were examined every 30 days and were refilled.

Spiders were hand collected by searching in potential cryptozoic refuges such as under rocks, logs, and dung. Spiders were collected in successive and adjacent transects involving three strips measuring 250 m long and 3 m wide for each collector each month. These strips were 100 m away from the pitfall line and were displaced 100 m from each other. Hand collecting involved three collectors, and each spending approximately four hours in each plot. The sampling area included approximately 0.5 ha of native grassland slopes.

Spiders were separated from debris, washed, and stored in 70% ethanol. Specimens were identified at the species level following Holmberg (1882), Schiapelli and Gerschman ([@bibr59], [@bibr60]), Goloboff ([@bibr28]), Raven ([@bibr53]), Ferretti et al. ([@bibr26]). *Actinopus* sp.1 constituted the only morphospecies that could not be identified at the species level. Voucher specimens will be deposited in the Museo de La Plata, División Entomología in Argentina.

Statistical analyses {#sec2c}
--------------------

Normality and homogeneity of variances were evaluated with Levene and Shapiro-Wilk tests. Analysis of variance (ANOVA) tests were made to compare the abundances of spiders between sampling seasons. Pearson correlation was used to explore possible linear relationships of abundance with temperature and precipitation. All statistical analyses were performed using PAST version 1.89 ([@bibr34]). To determine the effect of sample abundance on sample richness, the rarefaction was made using EstimateS v8.0 ([@bibr10]) based on the number of individuals ([@bibr29]).

Results {#sec3}
=======

Taxonomic composition, species richness and demographic structure {#sec3a}
-----------------------------------------------------------------

In total, 426 individuals of Mygalomorphae were collected during the sampling period: 349 were collected by hand capture and 77 by pitfall traps (these values do not include juveniles found with mothers). The species recorded in the study area belong to four families: *Actinopus* sp.1 (Actinopodidae); *Grammostola vachoni* [@bibr59] and *Plesiopelma longisternale* ([@bibr58]) (Theraphosidae); *Acanthogonatus centralis* [@bibr28] (Nemesiidae); and *Mecicobothrium thorelli* [@bibr34] (Mecicobothriidae). The absolute and relative frequencies of individuals collected by hand capture and with pitfall traps are shown in [Table 1](#t01_01){ref-type="table"}. *Grammostola vachoni* clearly was the dominant species in hand capture, constituting more than 50% of collected individuals. In pitfall traps, the dominant species was *A. centralis*, representing 75.32% of individuals recorded ([Table 1](#t01_01){ref-type="table"}).The number of species achieved by the sample techniques was five species and four species with hand capture and pitfall traps, respectively; *M. thorelli* was not found in any traps. Hand capture was more efficient for the theraphosids *G. vachoni* and *P. longisternale*, and was clearly effective for *M. thorelli* (Mecicobothriidae) ([Figure 5](#f05_01){ref-type="fig"}). Both techniques were effective to capture *A. centralis* (Nemesiidae), and pitfall traps were more efficient for *Actinopus* sp.1 (Actinopodidae) ([Figure 5](#f05_01){ref-type="fig"}).The rarefaction curve of hand captures and pitfall traps based on individual number ([Figure 6](#f06_01){ref-type="fig"}) showed that more than 50% of species were recorded after collecting approximately 30 individuals. The total number of species was achieved after collecting approximately 200 individuals.

###### 

Absolute and relative frequencies of mygalomorph spiders collected by hand capture and pitfall traps in "Ernesto Tornquist" Natural Reserve.
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With hand capture, juveniles clearly prevailed over adults, with a 70.77% of the individuals collected. However, in pitfall traps, adults (83.1%) prevailed over juveniles. Males were most frequent in pitfall traps, representing 75.32% of the total, while females and juveniles were less frequent at 7.79% and 16.88%, respectively.

Seasonal variation {#sec3b}
------------------

The seasonal analysis of hand captures and pitfall trap samples showed approximately the same abundances of spiders for spring (September, October, and November), fall (March, April, and May), and winter (June, July, and August), and a lower abundance during summer in the Southern Hemisphere (December, January, and February) ([Figure 7](#f07_01){ref-type="fig"}). However, no significant differences of abundances were found between seasons (ANOVA, *F* = 3.44, *p* \> 0.05). The efficiency of sampling techniques was similar in spring, fall, and winter, but in the summer the abundance of individuals recorded in pitfall traps was higher ([Figure 8](#f08_01){ref-type="fig"}), although summer was the less abundant season.

The highest values of abundances of Mygalomorphae corresponded with lower values of temperatures in the study area during the sampling period, and conversely, the lower values of abundances were recorded in summer (December--February), corresponding with the highest values of temperature in the area ([Figure 9](#f09_01){ref-type="fig"}) (r = ---0.810, *p* \< 0.01). Regarding the values of precipitation during the sampling period in the area, no correlation was found with abundance of mygalomorph spiders (r = ---0.325, *p* = 0.302) ([Figure 10](#f10_01){ref-type="fig"}). However, in the summer and fall, an increase in precipitation above 100 mm clearly diminished the abundance of Mygalomorphae in the study area.

Phenology {#sec3c}
---------

Males of *A. centralis* were recorded from April to November, corresponding to the end of fall, winter, and spring in the Southern Hemisphere ([Figures 11](#f11_01){ref-type="fig"} and [12](#f12_01){ref-type="fig"}). Although males of *A. centralis* seemed to be present during the entire sampling period, two activity periods were recorded in pitfall traps: one in April, May, and June (fall and beginning of winter), and the other in August, September, and October (end of winter and into spring). Males were recorded during months of medium and low temperatures ([Figure 2](#f02_01){ref-type="fig"}) and low and high values of precipitation ([Figure 3](#f03_01){ref-type="fig"}). Females and juveniles were abundant during the entire sampling period ([Figures 11](#f11_01){ref-type="fig"} and [12](#f12_01){ref-type="fig"}) excluding March. Juveniles showed higher abundance than males and females in pitfall traps during summer (January and February) ([Figure 12](#f12_01){ref-type="fig"}). No males of *G. vachoni* were found by either hand capture or pitfall trap. Females were observed in summer (January and February) and also in May, July, and September ([Figure 13](#f13_01){ref-type="fig"}). No females were captured in pitfall traps. One female of *G. vachoni* was found holding an egg sac during January. Juveniles were observed during the entire sampling period with a clearly active period in summer and the beginning of fall ([Figures 13](#f13_01){ref-type="fig"} and [14](#f14_01){ref-type="fig"}).The highest activity for males of *P. longisternale* was observed from April to June (fall and beginning of winter) ([Figures 15](#f15_01){ref-type="fig"} and [16](#f16_01){ref-type="fig"}), corresponding with the lower values of temperature ([Figure 2](#f02_01){ref-type="fig"}) and precipitation ([Figure 3](#f03_01){ref-type="fig"}) in the study area. Females were more abundant than males but were recorded in almost the entire sampling period. Two females of *P. longisternale* were found with egg sacs during January. Juveniles were more abundant than males and females, with the highest activity in November (end of spring) ([Figure 15](#f15_01){ref-type="fig"}). Males of *Actinopus* sp.1 were clearly present during April and May (fall) ([Figures 17](#f17_01){ref-type="fig"} and [18](#f18_01){ref-type="fig"}). This activity corresponded to medium temperatures ([Figure 2](#f02_01){ref-type="fig"}) and low precipitation ([Figure 3](#f03_01){ref-type="fig"}) in the study area. Also, this species was captured in February, March, and April ([Figure 17](#f17_01){ref-type="fig"}), but at a lower abundance. In this period, the values of both temperature ([Figure 2](#f02_01){ref-type="fig"}) and precipitation were higher in the area during this sampling period ([Figure 3](#f03_01){ref-type="fig"}). Females were less abundant and were observed in fall ([Figure 17](#f17_01){ref-type="fig"}). In March, one female was found in a burrow with 12 juveniles that had recently emerged from the egg sac.

*Mecicobothrium thorelli* was collected from June to September (winter and beginning of spring) ([Figure 19](#f19_01){ref-type="fig"}). Males showed one clear activity period in June corresponding with low temperature ([Figure 2](#f02_01){ref-type="fig"}) and precipitation in the study area. Females were recorded in June and July. Juveniles were recorded from June to September ([Figure 19](#f19_01){ref-type="fig"}) (September showed higher value of precipitation) ([Figure 3](#f03_01){ref-type="fig"}).

Discussion {#sec4}
==========

The species richness recorded in the study area was similar to that found in other areas from Argentina ([@bibr02]; [@bibr25]), and also from other Neotropical areas such as Amazonia (Höfer 1990), Bolivia ([@bibr57]), and Uruguay (Pérez-Miles et al. 1993), ranging from four to six mygalomorph species. The number of species recorded in the study area was underestimated due to the absence of the species *Calathotarsus simoni* (Migidae), cited on Sierra de la Ventana and Tandil. This species is a trap---door spider, with scarce records in Museum collections. The only contributions about *C. simoni* ([@bibr61], [@bibr62]) explained that specimens were found on a hilly slope where they construct their trap---doors covered with moss and ferns, making them extremely difficult to be located by collectors. It is possible that *C. simoni* may be absent in the study area; however, one male and many females were previously collected approximately 3 km from this area ([@bibr62]).

Obtaining 50% of the species with a low number of samplings, and the achievement of the total number of species by adding a few sampling dates in both techniques, indicates a relatively good sampling for the studied area despite the absence of *C. simoni.* The high abundances of *G. vachoni* and *P. longisternale* found via hand collection are explained by the greater efficacy of this method for finding species that live under stones, fallen trees, and dung; these species do not fall into pitfall traps, requiring more active searching ([@bibr49]; [@bibr25]). The juveniles of these theraphosid species prevailed over the adults in hand capture. This proportion probably reflects the extended juvenile stage, or the longevity of females and the short lifespan of adult males ([@bibr49]; [@bibr13]; [@bibr25]), as well as their cryptic habitat during this stage and small expansion range around burrows ([@bibr49]; [@bibr64]). The low abundances of theraphosid species in pitfall traps also could be explained by the presence of adherent organs on tarsi (claw tufts and scopulate) and their "cautious" locomotion ([@bibr49]).

In the nemesiid *A. centralis*, the similar captures by hand and traps is probably explained by high individual motility. A high motility of the nemesiid species, *Stenoterommata platensis*, was observed on Martin Garcia Island (Argentina) ([@bibr25]). The trap---door spider *Actinopus* sp. 1 also showed high captures in pitfall traps, but involved only wandering males. This is typical for trap---door species that are difficult to collect by hand capture ([@bibr49]; [@bibr35]; [@bibr25]). *Mecicobothrium thorelli*, also a cryptic species, was collected only by hand capture and appears to be a species with low motility. Males and juveniles of *M. thorelli* were recorded in pitfall traps next to a stream in a typical hill of Uruguay ([@bibr49]). This species occupies habitats with high values of humidity ([@bibr12]). Moreover, in Uruguay, *M. thorelli* was found under stones, roots, and trunks in hilly areas of a streamside forest, as these spiders are highly sensitive to humidity variations ([@bibr12]). Pitfall traps in our study were not placed next to a stream, thus explaining the possible absence of this species by this method. However, *M. thorelli* was found occupying large stones on a grassland slope, but not in proximity to streams, appearing to be more tolerant to drier habitats in this study area.

Although no significant differences were found in mygalomorph abundances between seasons, summer was the period with lower abundance. This could be due to high values of temperature and precipitation (above 100 mm) in the study area creating unstable conditions, alternating between dry and humid periods. Moreover, the high proportion of individuals captured in pitfall traps occurred in the summer (more than 30%), which could be due to greater transit of individuals in relation with more prey availability in the area ([@bibr66]; [@bibr55]).

Phenology {#sec4a}
=========

The presence of walking males of mygalomorph spiders comprises an indicator of the mating period ([@bibr49]; [@bibr25]). The highest activity periods for males of *A. centralis* were recorded from the end of fall, winter, and spring, having two clear activity peaks. Other nemesiids, such *Stenoterommata* spp. in Uruguay and Brazil, also showed sexual activity peaks in the fall and spring ([@bibr49]; [@bibr36]). However, *S. platensis* on Martin Garcia Island (Argentina) has their reproductive period in summer and fall ([@bibr25]). Females were abundant in summer in pitfall traps, and via hand capture were abundant in fall, winter, and spring. The activity peak of females in the summer was also observed for *S. platensis* on Martin Garcia Island ([@bibr25]). The presence of small juveniles in pitfall traps during summer (December and January) could indicate the emergence of juveniles and dispersion stages at this period ([@bibr49]; [@bibr54]; [@bibr64]).

Unfortunately, no males of *G. vachoni* were recorded on the study area. Females showed an even seasonal distribution with hand capture and were absent in pitfall traps. Juveniles were abundant in January (summer) and March (fall), indicating the emerging and dispersion stage as was found for other theraphosid species ([@bibr49]; [@bibr25]). Moreover, the presence of a female holding an egg sac in a warmer month (January) supported this hypothesis.

The other theraphosid species recorded in the study area, *P. longisternale*, showed one clear activity peak, with males being abundant in the fall and beginning of winter. This activity period could be the same for *P. longisternale* in Uruguay, where one male was recorded in May by hand capture ([@bibr49]). These authors did not record males of *P. longisternale* in pitfall traps, perhaps because the traps they used were smaller than in our study ([@bibr49]). Males of *P. longisternale* were recorded in pitfall traps using wider traps. The winter activity peak could be a mechanism to avoid potential predators that show low frequencies and activity during this period ([@bibr49]; [@bibr25]). Females and juveniles showed an even seasonal distribution and were absent in pitfall traps. The presence of females holding egg sacs during January suggested the same emergence and dispersion stage period as the other theraphosid recorded, *G. vachoni*; thus, a strong interspecific competition for resources such as burrows and prey are expected between juveniles of these species.

Males of *Actinopus* sp. showed two activity periods, with a period of higher abundance in the fall and lesser one in the summer. Sexual activity in the fall could be the same as that registered for other *Actinopus* spp. in Uruguay and on Martin Garcia Island (Argentina) ([@bibr49]; [@bibr25]). However, in our study area, two males were captured in summer (February). This may support the hypothesis of two different species, but a taxonomical review of the genus *Actinopus* in Argentina is needed. A female found with spiderlings in March and also other found with her offspring by Ferretti et al. ([@bibr25]) in spring (October) additionally supports the existence of two species of *Actinopus* in Buenos Aires province.

*Mecicobothrium thorelli* was the species with the more restricted activity period during the sampling, being abundant in winter but also found in early spring. Males were found exclusively in June (winter), one of the cooler months in the study area. Adult males were found from May to September, with a peak of activity in July ([@bibr49]). These authors interpreted the winter activity as a means to avoid predation, and this could be operating in the same way for this species in the study area. Females were also abundant in June and July (winter), and juveniles showed an activity peak in September (beginning of spring), maybe the emergence period of spiderlings. Females of *M. thorelli* made egg sacs in August and September, and juveniles emerge after a month of the egg sac construction ([@bibr12]).

Overall, the Mygalomorphae of the Ventania system comprises an important group of sedentary and cryptozoic spiders that seem to be highly dependent on habitat type and environmental factors. The diversity and abundance of these spiders in the study area is higher in relation to other areas ([@bibr49]; [@bibr02]; [@bibr25]), and the microclimatic conditions ([@bibr41], [@bibr40]) and vegetation ([@bibr43]) of the hilly system of Ventania could provide a suitable habitat for these cryptozoic species. The present study constitutes the first on the Mygalomorphae spider community in the Strict Nature Reserve "Ernesto Tornquist" in Buenos Aires, Argentina. Moreover, the knowledge of spider fauna on this Natural Reserve could help in the preservation of natural grassland habitats. This area is important, because to ensure the conservation of regional diversity, further studies on natural grassland habitats such as this one will prove necessary to inform management and conservation decisions.

![Geologic map of Ventania (modified from [@bibr65]) showing the location of the "Ernesto Tornquist" Natural Reserve, where the study was carried out. High quality figures are available online.](f01_01){#f01_01}

![Average monthly temperature of the "Ernesto Tornquist" Natural Reserve. High quality figures are available online.](f02_01){#f02_01}

![Rainfall amounts at the "Ernesto Tornquist" Natural Reserve. High quality figures are available online.](f03_01){#f03_01}
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![*Acanthogonatus centralis.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve by hand capture. High quality figures are available online.](f11_01){#f11_01}

![*Acanthogonatus centralis.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve using pitfall traps. High quality figures are available online.](f12_01){#f12_01}

![*Grammostola vachoni.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve by hand capture. High quality figures are available online.](f13_01){#f13_01}

![*Grammostola vachoni.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve using pitfall traps. High quality figures are available online.](f14_01){#f14_01}

![*Plesiopelma longisternale.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve by hand capture. High quality figures are available online.](f15_01){#f15_01}

![*Plesiopelma longisternale.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve using pitfall traps. High quality figures are available online.](f16_01){#f16_01}

![*Actinopus* sp.1. Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve. Hand captured. High quality figures are available online.](f17_01){#f17_01}

![*Actinopus* sp.1. Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve captured in pitfall traps. High quality figures are available online.](f18_01){#f18_01}

![*Mecicobothrium thorelli.* Phenology based on specimen activity (individuals/month) in "Ernesto Tornquist" Natural Reserve. High quality figures are available online.](f19_01){#f19_01}
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